S U M M A R Y Despite wide clinical application, the efficacy of platelet-rich plasma (PRP) for repairing bone defects and enhancing osseointegration of metal implants is still subject of debate. This study aimed to evaluate the effects of a well-defined PRP-like mixture containing platelet-derived growth factor-BB, transforming growth factor (TGF)-b1, TGF-b2, albumin, fibronectin, and thrombospondin [growth factors (GFs) 1 proteins] on the development of the osteogenic phenotype on titanium (Ti) in vitro. Human alveolar bonederived osteoblastic cells were subcultured on Ti discs and exposed during the first 7 days to osteogenic medium supplemented with GFs 1 proteins and to osteogenic medium alone thereafter up to 14 days. Control cultures were exposed to only osteogenic medium. Doseresponse experiments were carried out using rat primary calvarial cells exposed to GFs 1 proteins and 1:10 or 1:100 dilutions of the mixture. Treated human-derived cell cultures exhibited a significantly higher number of cycling cells at days 1 and 4 and of total cells at days 4 and 7, significantly reduced alkaline phosphatase (ALP) activity at days 4, 7, and 10, and no Alizarin red-stained areas (calcium deposits) at day 14, indicating an impairment in osteoblast differentiation. Although the 1:10 and 1:100 dilutions of the mixture restored the proliferative activity of rat-derived osteogenic cells to control levels and promoted a significant increase in ALP activity at day 10 compared with GFs 1 proteins, mineralized nodule formation was only observed with the 1:100 dilution (?50% of the control). These results showed that a PRP-like protein mixture inhibits development of the osteogenic phenotype in both human and rat osteoblastic cell cultures grown on Ti. (J Histochem Cytochem 57:265-276, 2009) K E Y W O R D S cell culture osteoblasts growth factors cell proliferation cell differentiation mineralization titanium THE ABILITY to induce new bone formation around endosseous implants is of critical importance for improving healing, increasing stability, and accelerating functional loading. Various regenerative therapies with growth factors (GFs) have been applied to promote and, in some cases, to induce new bone formation in bone defects, at sites of fracture healing, and around metal implant devices (Bessho et al. 1999; Ramoshebi et al. 2002; Schliephake 2002; Kloen et al. 2003 ). Recombinant human bone morphogenetic proteins (rhBMPs) and transforming growth factor b (rhTGF-b) have been shown in various experimental models to improve key parameters associated with successful osseointegration (Bessho et al. 1999; Clokie and Bell 2003; De Ranieri et al. 2005; Jones et al. 2006; Hall et al. 2007; Liu et al. 2007) .
During bone tissue healing, cells are exposed to various GFs simultaneously, particularly at early response intervals when platelets from the blood clot liberate multiple constituents (Bolander 1992) . In this context, concentrates of plasma platelets have been exploited for repair of bone defects (Marx et al. 1998; Dugrillon et al. 2002; Anitua et al. 2007 ). These so-called plateletrich plasma (PRP) preparations are rich in plateletderived growth factor (PDGF; ranging from 1 to 150 ng/ml) and TGF-b (ranging from 10 to 400 ng/ml) and also contain various plasma proteins (Venne et al. 1999; Gruber et al. 2003; Lacoste et al. 2003; Lucarelli et al. 2003; Martineau et al. 2004; Borzini and Mazzucco 2005; Graziani et al. 2006; van den Dolder et al. 2006; Borzini and Mazzucco 2007; Roussy et al. 2007 ). Although beneficial clinical results have been reported, some studies have shown that PRP does not promote bone formation (Ferreira et al. 2005; Hokugo et al. 2005; Gerard et al. 2006; Graziani et al. 2006; Sarkar et al. 2006; Anitua et al. 2007; Hokugo et al. 2007; Mooren et al. 2007; Ranly et al. 2007; Roussy et al. 2007 ). These divergent outcomes have been attributed to significant intra-and interspecies variations in the relative proportions of PRP components (Lacoste et al. 2003; van den Dolder et al. 2006) . Thus, the effectiveness of PRP in enhancing osseointegration of metal implants and of bone grafts is still a subject of debate (Fuerst et al. 2003; Weibrich et al. 2004; Nikolidakis et al. 2008) . Importantly, an attempt to establish guidelines for the production of PRP has been made (Borzini et al. 2006 ).
This study aimed to investigate the effects of a mixture of GFs and proteins (hereafter referred to as GFs 1 proteins) on the development of the osteogenic phenotype on titanium (Ti), using both human and rat osteoblastic cell cultures. To avoid the inherent variations in PRP preparations, we opted to experiment with a well-defined PRP-like mixture formulated to contain the major components of PRP extracts.
Materials and Methods

Culture of Osteogenic Cells Derived From Human Alveolar Bone
Human alveolar bone fragments were obtained from adult healthy donors, using the research protocols approved by the Committee of Ethics in Research of the School of Dentistry of Ribeirão Preto of the University of São Paulo. Osteogenic cells were isolated by enzymatic digestion of the explants using type II collagenase (Gibco-Life Technologies; Grand Island, NY) as previously described (Beloti et al. 2006) . They were cultured in an osteogenic medium consisting of Gibco a-MEM (Invitrogen; Carlsbad, CA) supplemented with 10% FBS (Gibco), 50 mg/ml gentamicin (Gibco), 0.3 mg/ml Fungizone (Gibco), 10 27 M dexamethasone (Sigma; St. Louis, MO), 5 mg/ml ascorbic acid (Gibco), and 7 mM b-glycerophosphate (Sigma). Subconfluent cells in primary cultures were harvested after treatment with 1 mM EDTA (Gibco) and 0.25% trypsin (Gibco) and subcultured on polished, machined Ti discs (prepared as described in de Oliveira et al. 2007 ). The discs were placed in 24-well polystyrene plates (Falcon; Franklin Lakes, NJ), and cells were seeded at a density of 2 3 10 4 cells/well. Cultures were grown at 37C in a humidified atmosphere of 5% CO 2 and 95% air, and the medium was changed every 3 days.
Composition of the GF and Protein Mixture and Treatment Protocol
The GFs and proteins of the mixture were selected from major components found in porcine (Venne et al. 1999 ) and human (Lacoste et al. 2003; Martineau et al. 2004 ) platelet preparations (referred to as extracts or concentrates). The GFs and proteins were diluted in osteogenic medium in the following amounts: 27 ng/ml recombinant human (rh)PDGF-BB, 22 ng/ml rhTGF-b1, 15 ng/ml rhTGF-b2, 3.7 mg/ml serum-derived human albumin, 2 mg/ml plasma-derived human fibronectin, and 0.5 mg/ml platelet-derived thrombospondin, all purchased from Sigma. Treated cultures were exposed during the first 7 days to the GFs 1 proteins mixture, which was added at time 0 and at day 3, and to osteogenic medium alone thereafter. The timing of exposure to the GFs 1 proteins mixture was defined based on the life span of platelets in wounds and the period of the direct influence of its GFs, which is ,7 days (Marx et al. 1998; Marx 2004) . Control cultures were exposed to only osteogenic medium throughout the culture period.
Fluorescence Labeling
On days 1, 4, 7, 10, and 14, cells were fixed for 10 min at room temperature using 4% paraformaldehyde in 0.1 M sodium phosphate buffer (PB), pH 7.2. For dual staining with Alizarin red (Sigma) and immunolabeling with bone sialoprotein (BSP), cells were fixed in 70% ethanol for 60 min at 4C (see below). After washing in PB, cultures were processed for immunofluorescence labeling as described previously ). Briefly, they were permeabilized with 0.5% Triton X-100 in PB for 10 min, followed by blocking with 5% skimmed milk in PB for 30 min. Primary antibodies to human bone alkaline phosphatase [ALP; monoclonal B4-78, 1:100; Developmental Studies Hybridoma Bank (DSHB), Iowa City, IA], human Ki-67 (polyclonal, 1:70; Diagnostic Biosystems, Pleasanton, CA), human BSP (polyclonal LF-100, 1:1000, kindly provided by Dr. Larry W. Fisher; NIH, Bethesda, MD) (Mintz et al. 1993) , rat BSP (monoclonal WVID1-9C5, 1:200; DSHB), and human vinculin (monoclonal hVIN-1, 1:400; Sigma) were used, followed by Alexa Fluor 488 (green fluorescence) or 594 (red fluorescence)-conjugated goat anti-mouse or anti-rabbit secondary antibody (1:200;
(1:200; Molecular Probes) was used to label actin cytoskeleton. Replacement of the primary antibodies with PB was used as control. All antibody incubations were performed in a humidified environment for 60 min at room temperature. Between each incubation step, the samples were washed three times (5 min each) in PB. Before mounting for microscope observation, cell nuclei were stained with 300 nM 4′,6-diamidino-2-phenylindole dihydrochloride (DAPI; Molecular Probes) for 5 min, and samples were briefly washed with dH 2 O. Titanium discs were placed face up on glass slides and mounted with a Fisherbrand 12-mm-round glass coverslip (Fisher Scientific; Suwanee, GA) using an antifade mounting medium (Vectashield; Vector Laboratories, Burlingame, CA).
The samples were examined under epifluorescence using a Leica DMLB light microscope (Leica; Bensheim, Germany), with N Plan (310/0.25, 320/0.40) and HCX PL Fluotar (340/0.75) objectives, outfitted with a Leica DC 300F digital camera. The fluorescence filter cubes used were as follows: A (blue fluorescence; bandpass excitation filter, 340-380; longpass suppression filter, 425), I3 (green fluorescence; bandpass excitation filter, 450-490; longpass suppression filter, 515), and N2.1 (red fluorescence; bandpass excitation filter, 515-560; longpass suppression filter, 590). The acquired digital images were processed with Adobe Photoshop (Adobe Systems; San Jose, CA).
Scanning Electron Microscope (SEM) Imaging
At days 1 and 4, cells were fixed for 60 min at room temperature using 4% paraformaldehyde in PB, pH 7.2, washed in PB, followed by dH2O. Samples were examined wet in a JEOL JSM-6460LV variable pressure scanning electron microscope (Tokyo, Japan) operated at 7 kV and 50-70 Pa. Digital images were processed with Adobe Photoshop. 
Growth Curve and Cell Viability
Cells grown for periods of 1, 4, and 7 d were enzymatically detached from Ti discs using 1 mM EDTA, 1.3 mg/ml collagenase, and 0.25% trypsin solution (Gibco; Invitrogen). Total number of cells per well and percentage of viable and non-viable cells were determined after Trypan blue (Sigma) staining using a hemacytometer.
Proportion of Cycling Cells
The proportion of cycling cells at days 1 and 4 was determined by means of double Ki-67/DAPI labeling. The total number of nuclei (DAPI stained) and of Ki-67expressing cycling cells, that is, cells strictly associated with proliferation (Scholzen and Gerdes 2000) on control and treated cultures, was calculated by light microscope counting under epifluorescence at 340 objective. A minimum total of 200 cells were counted on three Ti discs at each time point.
Total Protein Content
Total protein content was calculated at days 4, 7, and 10, according to the method described by Lowry et al. (1951) . The wells were filled with 2 ml of deionized water. After five cycles of thermal-shock (alternating temperature between 15 min at 37C and 20 min at 220C), 1 ml of the sample from each well was mixed with 1 ml of Lowry solution (Sigma) and left for 20 min at room temperature. Subsequently, 0.5 ml of phenol reagent of Folin and Ciocalteau (Sigma) was added. This was left for 30 min at room temperature, after which absorbance was measured using a spectrophotometer (CE3021; Cecil, Cambridge, UK) at 680 nm.
Total protein content was calculated from a standard curve using BSA (Sigma), giving a range of 25-400 mg protein/ml, and data were expressed as micrograms protein per milliliter.
ALP Activity ALP activity has been correlated with the development of the osteogenic phenotype in osteoblastic cell cultures (discussed in de Oliveira et al. 2008) and was assayed in the same lysates used for determining total protein content as the release of thymolphthalein from thymolphthalein monophosphate using a commercial kit (Labtest Diagnóstica; Lagoa Santa, Brazil). Briefly, 50 ml of thymolphthalein monophosphate was mixed with 0.5 ml of 0.3 M diethanolamine buffer, pH 10.1, and left for 2 min at 37C. The solution was added to 50 ml of the lysates obtained from each well for 10 min at 37C. For color development, 2 ml of 0.09 M Na 2 CO 3 and 0.25 M NaOH was added. After 30 min, absorbance was measured at 590 nm, and ALP activity was calculated from a standard curve using thymolphthalein to give a range of 0.012-0.4 mmol thymolphthalein/hr/ml. Data were expressed as micromoles thymolphthalein per hour per milligram protein.
Mineralized Bone-like Nodule Formation
For the histochemical detection of calcium deposits in mineralized bone-like nodule formation ), cultures at day 14 were washed in Hanks' balanced salt solution (Sigma) and fixed in 70% ethanol for 60 min at 4C. The samples were washed in PBS and dH2O and stained with 2% Alizarin red, pH 4.2, for 15 min at room temperature. After being profusely washed in dH2O, cultures were also processed for triple labeling with anti-BSP antibody (WVID1-9C5 or LF-100) and DAPI and observed under epifluorescence using the filter cubes N2.1, I3, and A.
Dose-Response Experiments With Calvarial Cell Cultures
To test the effects of serial dilutions of the GFs 1 proteins mixture on the development of the osteogenic phenotype, we used rat osteogenic cells obtained by enzymatic digestion of newborn calvaria and cultured under the same conditions as for human cells (Nanci et al. 1996; Irie et al. 1998; de Oliveira and Nanci 2004; de Oliveira et al. 2007) . This cell culture model was selected because of its high and well-defined osteogenic activity, especially in the presence of dexamethasone (Bellows and Aubin 1989; Bellows et al. 1990 ). During the first 7 days of culture, calvarial cells were exposed to three different dilutions of GFs 1 proteins mixture (1:1, 1:10, and 1:100 referred to as GFs 1 proteins, GFs 1 proteins/10, and GFs 1 proteins/100, respectively). Because many of the PRP effects on cells do not reflect a simple combination of its major GFs (Marx 2004; Kawase et al. 2005) , cells were also exposed to the mixture containing only the protein constituents. The parameters evaluated for calvarial cell cultures were (1) at days 7 and 14, BSP labeling (as described above); (2) at day 7, mitochondrial tetrazolium test (MTT); (3) at days 7 and 10, ALP activity and total protein content; and (4) at day 14, mineralized bonelike nodule formation (as described above).
The MTT assay for cell viability/proliferation (Mosmann 1983 ) is based on the reductive cleavage of yellow tetrazolium salt to a purple formazan com-pound by the dehydrogenase activity of intact mitochondria. Therefore, this conversion only occurs in living cells. At the end of the proliferative phase/exposure time (day 7), cells were incubated with 100 ml of 3-[4,5dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (5 mg/ml) in PBS at 37C for 4 hr. The medium was aspirated from the well, and 1 ml of acid isopropanol (0.04 N HCl in isopropanol) was added to each well. The plates were agitated on a plate shaker for 5 min, and 100 ml of this solution was transferred to a 96-well format using opaque-walled transparent-bottomed plates (Fisher Scientific; Pittsburgh, PA). The optical density was read at 570-650 nm on the plate reader (mQuant; Biotek, Winooski, VT), and data were expressed as absorbance.
Alizarin red-stained cultures were photographed with a high-resolution digital camera (Canon EOS Digital Rebel Camera, 6.3 Megapixel CMOS sensor, with a Canon EF 100 mm f/2.8 macro lens; Canon, Lake Success, NY) and were also imaged by epifluorescence using the N2.1 filter cube (red fluorescence). The percentage of the substrate area occupied by Alizarin red-stained mineralized nodules was determined according to de Oliveira et al. (2007) by analyzing the macroscopic images using Image Tool software (University of Texas Health Science Center; San Antonio, TX).
Statistical Analysis
Data are presented as mean 6 SD. The x 2 test was used to determine normality of data sets. Comparisons were carried out using the non-parametrical Mann-Whitney test for two independent samples or the Kruskal-Wallis test for multiple comparisons, followed by the Fischer test based on rank, where appropriate. The level of significance was set at 5%. The results described below are representative of a minimum of two sets of human and rat osteogenic cell cultures.
Results
Human Alveolar Bone-derived Cells Important differences were clearly noticed in terms of cell morphology and tissue architecture beginning from day 1 between control and GFs 1 proteins-treated cultures as shown by epifluorescence and SEM imaging (Figures 1 and 2, respectively) . At day 1, although both control and treated cells were polygonal in shape, the latter exhibited a higher proportion of thin cytoplasmic extensions ( Figures 1A, 1E , 2A, and 2C). For both groups, vinculin labeling was localized perinuclearly and in focal adhesions sites ( Figures 1A and 1E, Figure 1D with 1H), and these exhibited a higher proportion of cells showing morphological aspects of apoptosis (Figure 1D, right inset) . Calcified nodular areas stained with Alizarin red and labeled for BSP ( Figure 1D , left inset). At this culture interval, treated cultures showed cell alignment ( Figure 1H ), no BSP labeling, and reduced amounts of apoptotic cells ( Figure 1H , left and right insets, respectively). Cell proliferation/viability analyses showed that treated cultures supported the growth of significantly more cells at days 4 and 7 ( Figure 3 ; Table 1 ) and a higher number of viable cells at day 4 ( Table 1 ). The proportion of cycling cells was significantly higher for treated cultures both at days 1 and 4 (Figures 4 and 5; Table 1 ) compared with the control.
Total protein content was significantly higher in treated cultures at all time points and the amount of ALP, as determined by activity measurements and immunolabeling of the protein, was reduced ( Figures 6  and 7 ; Table 1 ). Notably, at days 7 and 10, ALP-specific activity levels were reduced .90% compared with control (15-and 12-fold, respectively). Although the profile of ALP activity over time showed peak levels at day 7 for control cultures, the GFs 1 proteins group exhibited a significant decrease from day 4 to days 7 and 10, despite the significant increase in the total of protein content compared with control (2-, 2.9-, and 1.7-fold, respectively).
Rat Calvarial Cells: Dose-Response Experiments
Dose-response experiments showed that only the GFs 1 proteins/100 group supported the development of the osteogenic phenotype, although in reduced levels compared with control and proteins groups (Figures 8-13) . At day 7, control cultures exhibited large areas of BSPpositive cells, mostly in sites of initial cell multilayering ( Figure 8A ), whereas treated cultures showed only focal sites of weak BSP labeling (Figures 8B-8E ). Cell viability/proliferation assay showed that mitochondrial activity was significantly higher for GFs 1 proteins cultures, reducing to control levels for the GFs 1 proteins/ 10 and GFs 1 proteins/100 groups (Figure 9 ; Tables 2  and 3) . At day 7, there was a significant difference in ALP activity between the control and the GFs 1 proteinstreated groups, which exhibited low levels. At day 10, ALP-specific activity increased in all experimental groups, except for GFs 1 proteins, which remained unaltered, but there was no significant GFs 1 proteins dose-response relationship. The highest ALP activity was observed with the control, followed by the proteins-only group (Figure 10 ; Tables 2 and 3) . Total protein content profiles at days 7 and 10 correlated with the MTT results at day 7 (compare Figure 11 with Figure 9 ), with significantly higher values for GFs 1 proteins cultures (Tables 2 and 3) . At day 14, qualitative and quantitative analyses showed that the control, proteins, and GFs 1 proteins/100 groups supported the development of mineralized bone-like nodule formation (Figures 12 and 13) ; nodules stained with Alizarin red and were BSP immunoreactive (Figures 12A, 12B, and  12E ). Proportions of Alizarin red-stained areas ranked as follows: control 5 proteins . GFs 1 proteins/100 . GFs 1 proteins/10 5 GFs 1 proteins (Figure 13 ; Tables 2  and 3) . Strikingly, a complete lack of bone-like nodule formation was noticed for GFs 1 proteins-and GFs 1 proteins/10-treated cultures (Figures 12C, 12D, and 13 ).
Discussion
The results of this study showed that a mixture of major GFs and proteins found in platelet extracts dramatically inhibits development of the osteogenic phenotype in both human alveolar bone and rat calvarial cell cultures grown on Ti. Remarkably, despite interspecies variations, complete lack of bone-like nodule formation took place in both cultures. In addition, dose-response experiments with calvarial cells showed that dilution of the mixture can eventually partially restore bone-like nodule formation.
It has been well established that there is an inverse relationship between proliferation and differentiation of osteoblastic cells, including for cells cultured on Ti (van den Dolder et al. 2003) . Indeed, full expression of the osteoblast phenotype leads to terminal cell cycle exit (Stein et al. 1996; Thomas et al. 2004 ). To make bone repair more predictable, there have been attempts to balance proliferation/differentiation by using serial dilutions of PRP preparations (Weibrich et al. 2004; Choi et al. 2005; Ferreira et al. 2005; Graziani et al. 2006; Gruber et al. 2006; Tomoyasu et al. 2007; Uggeri et al. 2007 ). Our GFs 1 proteins mixture is less concentrated than typical PRP preparations, and although a 1:10 dilution significantly reduced cell proliferation, it did not enhance osteoblastic differentiation; a dilution of 1:100 was necessary to restore bone-like nodule formation. Clearly, further studies are needed to optimize the relative proportions of PRP components and duration and timing of exposure to achieve a functional balance between mitogenic activity and osteoblast differentiation effects of PRP-related GF and protein mixtures.
The inhibition of ALP activity in both human and rat osteogenic cultures treated with GFs 1 proteins is consistent with an effect on osteogenic differentiation. 
Figure 9
Viability/proliferation analysis (MTT assay) of control, GFs 1 proteins-, GFs 1 proteins/10-, GFs 1 proteins/100-, and proteinstreated calvaria-derived osteogenic cultures grown on titanium discs at day 7. Cultures exposed to GFs 1 proteins exhibited a higher number of viable cells. The optical density was read at 570-650 nm, and data were expressed as absorbance. Figure 10 ALP activity (mmol thymolphthalein/hr/mg protein) of control, GFs 1 proteins-, GFs 1 proteins/10-, GFs 1 proteins/100-, and proteins-treated calvaria-derived osteogenic cultures grown on titanium discs at days 7 and 10. Note that there was no dose-response relationship for ALP activity at day 10. The lowest levels were observed for the GFs 1 proteins-treated cultures, whereas no differences were detected between the 1:10 and 1:100 dilutions.
Figure 11
Total protein content (mg/ml) of control, GFs 1 proteins-, GFs 1 proteins/10-, GFs 1 proteins/100-, and proteins-treated calvariaderived osteogenic cultures grown on titanium discs at days 7 and 10. The graph pattern/profile matches the one for MTT assay at day 7 (compare with Figure 9 ). 
Figure 13
Macroscopic imaging and quantitative analysis of Alizarin red-stained areas for control, GFs 1 proteins-, GFs 1 proteins/10-, GFs 1 proteins/100-, and proteins-treated calvaria-derived osteogenic cultures grown on titanium discs at day 14. The percentage of total area occupied by stained regions was significantly higher for control and proteins group. Although a complete lack of bone-like nodule formation was clearly noticed for the GFs 1 proteins and GFs 1 proteins/10 groups, GFs 1 proteins/100 supported the development of the osteogenic phenotype. Titanium disc diameter 5 12 mm.
In a previous study by our group, it was shown that BMP-7 and growth and differentiation factor 5 (GDF-5) could, in part, influence osteogenic differentiation in GFs 1 proteins-treated cultures by upregulating ALP mRNA expression (de Oliveira et al. 2008) . ALP activity and mineralized nodule formation were, however, not significantly affected, a finding interpreted as reflecting an early differentiation status of the cells. In this study, the dose-response experiments showed that ALP activity increases with dilution of the mixture, and although there is no significant difference in activity between the 1:10 or 1:100 dilutions, only the latter supported mineral deposition. This suggests that, in addition to ALP activity, other parameters must be taken in consideration for initiating and sustaining the mineralization process. Indeed, both GFs 1 proteins and GFs 1 proteins/10 showed no BSP labeling at day 14. This matricellular protein is considered an early marker of differentiating osteoblasts and is crucial for promoting hydroxyapatite nucleation on collagen (Tye et al. 2003 (Tye et al. ,2005 Baht et al. 2008 ). However, it cannot be ruled out that the difference in mineralization observed between the 1:10 and 1:100 dilutions relates to ALP activity. It has been shown that even a moderate reduction in ALP expression levels and enzyme activity could be sufficient to impair the mineralization process (Wennberg et al. 2000) . The procedure used herein to assay ALP activity does not allow determining small differences that may exist between the two dosages. In addition, difficulties in extraction of proteins/enzymes from calcified matrices could in some cases result in ALP-specific activity values that do not accurately correlate with total protein content and cell number (Simão et al. 2007 ). In bone, ALP is confined to the cell surface of osteoblasts, including the membranes of the matrix vesicle they shed, where the enzyme is particularly enriched compared with the plasma membrane of the cell. It has been proposed that the main role of ALP is to generate the phosphate needed for hydroxyapatite formation. However, ALP has also been hypothesized to hydrolyze pyrophosphate, a mineralization inhibitor, to facilitate mineral precipitation and growth (Millán 2006) . Therefore, treatment with GFs 1 proteins may also affect the phosphate/pyrophosphate equilibrium, which per se is crucial for the regulation of matrix mineralization.
In conclusion, this study showed that a GFs 1 proteins mixture, which contains the major components of PRP preparations, impairs the progression of both human and rat osteogenic cells grown on Ti. Dose- Table 2 Quantitative analysis [mean 6 SD (n)] of MTT assay (optical density, 570-650 nm), ALP activity (mmol thymolphthalein/hr/mg protein), total protein content (mg/ml), and proportion of bone-like nodule formation (%) of control, GFs 1 proteins-, GFs 1 proteins/10-, GFs 1 proteins/100-, and protein-treated rat calvarial osteogenic cell cultures grown on titanium discs MTT Control 0.12 6 0.01 (4) 6.2 6 2.6 (5) 24.9 6 5.4 (5) 58.0 6 3.2 (5) 92.6 6 3.4 (5) 56.6 6 10.1 (4) GFs 1 proteins 0.20 6 0.02 (4) 2.2 6 1.4 (4) 2.0 6 0.6 (5) 81.3 6 7.4 (4) 99.0 6 10.1 (5) 0.9 6 0.3 (4) GFs 1 proteins/10 0.13 6 0.01 (4) 1.0 6 0.4 (5) 5.0 6 1.9 (5) 67.5 6 4.9 (5) 96.0 6 9.1 (5) 0.7 6 0.7 (4) GFs 1 proteins/100 0.10 6 0.01 (4) 0.4 6 0.9 (5) 3.4 6 2.0 (5) 46.5 6 3.1 (5) 73.9 6 5.8 (5) 26.4 6 1.4 (4) Proteins 0.12 6 0.02 (4) 1.2 6 0.9 (4) 8.6 6 2.1 (4) 53.9 6 3.5 (4) 87.0 6 11.4 (4) 46.8 6 0.7 (4) Kruskal-Wallis test S a S a S a S a S a S a a Significant (p,0.01).
MTT, mitochondrial tetrazolium test; ALP, alkaline phosphatase; GF, growth factor. response experiments showed that the reduction in cell proliferation associated with higher ALP activity levels does not necessarily correlate with production of mineralized matrix. Thus, our data lend support to previous studies showing that PRP preparations do not promote bone repair under various experimental conditions. They also raise the question of whether PRPbased multiple component molecular therapy can benefit osseointegration of titanium implants.
